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A B S T R A C T

Purpose

Pretreatment prostate-specific antigen (PSA) dynamics (PSA velocity and PSA doubling time) are
widely advocated as useful prognostic markers in prostate cancer. We aimed to assess the
published evidence for the clinical utility of PSA dynamics in this population.

Methods
We conducted a systematic review of studies published before March 2007 in which a PSA

dynamic (velocity or doubling time) was calculated in patients before definitive treatment, a
subsequent event (such as biopsy or recurrence) was ascertained, and the association between
the two was analyzed. Our principal end point was the type of analysis reported, particularly
whether the predictive accuracy of a statistical model that included both absolute PSA level and
a PSA dynamic was compared with that of a model that included only PSA.

Results
Eighty-seven articles were eligible for analysis. The most common end points were biopsy (42

articles), and either recurrence (14 articles) or metastases or death (14 articles) after definitive
therapy. Although PSA dynamics were generally found to be associated with outcome, only one
article compared predictive accuracy of models with and without a PSA dynamic: this reported that
PSA velocity improved prediction slightly (from 0.81 to 0.83), but was subject to verification bias.
No article used decision analytic methods to examine the clinical impact of PSA dynamics.

Conclusion

There is little evidence that calculation of PSA velocity or doubling time in untreated patients
provides predictive information beyond that provided by absolute PSA level alone. We see no
justification for the use of PSA dynamics in clinical decision making before treatment in early-stage
prostate cancer.
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burden of more indolent disease. Accordingly,
since Carter et al! introduced the concept in 1992,

Prostate-specific antigen (PSA) is one of the few
molecular markers routinely used for detection,
prognostication, and monitoring of a common can-
cer. Most widely known as a screening test to detect
prostate cancer, PSA is also known to be of value to
risk stratify patients at the time of surgery, provide
an early indication of disease recurrence, and
monitor response to therapy in patients with ad-
vanced disease.

Cancer is a growth process, and it seems rea-
sonable to suppose that the rate of change of a
tumor marker would be a more sensitive marker
of disease aggressiveness than an absolute level:
one might presume, for example, that a patient
with a small but rapidly growing tumor is more
likely to die of cancer than a patient with a larger
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the rate of change in PSA—PSA dynamics— has
become the focus of intense research activity in pros-
tate cancer. Two common metrics are PSA velocity
and PSA doubling time. PSA velocity is the change in
PSA over time, typically given as nanograms per
milliliter per year; PSA doubling time is the number
of months for a certain level of PSA to increase
by a factor of two. Despite their apparent sim-
plicity, PSA velocity and doubling time have been
defined in a large number of different ways, with
investigators varying with regard to the minimum
number of PSA measures needed to calculate a
dynamic, the minimum and maximum time be-
tween measures, and the statistical method for
estimating change when there are more than two
PSA levels.
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PSA dynamics have been advocated as a marker for a wide range
of different end points in prostate cancer. An important distinction
needs to be made between pretreatment and post-treatment PSA
dynamics. In the latter case—which includes, for example, PSA dou-
bling time at recurrence after radical prostatectomy—_patients do not
have an intact prostate, PSA levels derive only from cancer, and PSA is
thus a sensitive marker of cancer burden. As such, PSA dynamics
would be expected to match cancer growth rates closely. Indeed,
there are data suggesting that PSA dynamics can predict outcome
of salvage radiation therapy,” the probability of a positive bone
scan at biochemical recurrence,® and overall survival in patients
with hormone-refractory disease.*

Pretreatment PSA levels depend on both malignant and non-
malignant processes in the untreated prostate. PSA dynamics are
therefore related to cancer growth rates only in part. Nonetheless,
pretreatment PSA dynamics have been claimed to aid long-term
prediction of cancer diagnosis,” cancer detection,’® prediction of bio-
chemical” and clinical® recurrence after curative therapy, and predic-
tion of progression in patients on active surveillance.” Pretreatment
PSA dynamics are also starting to become incorporated into clinical
practice guidelines. For example, the National Cancer Center Net-
work 2007 guidelines for prostate cancer detection'® include a recom-
mendation that men with a PSA velocity greater than 0.35 ng/mL/yr
should consider biopsy, even if their PSA level is low.

We recently completed two separate studies of PSA dynamics
before treatment, and in neither case did we find evidence that the rate
of change of PSA was of value. In our first study, we found that PSA
velocity did not improve on PSA alone for predicting long-term risk of
prostate cancer;'" in the second study, PSA dynamics did not help
predict either recurrence or prostate cancer mortality after radical
prostatectomy.' This led us to reassess the evidence base for pretreat-
ment PSA velocity and doubling time as prostate cancer markers.
Here, we report a systematic review of studies investigating pretreat-
ment PSA dynamics.

Literature Search

We searched MEDLINE to the end of February 2007 for articles on
prostate cancer and PSA dynamics. The search terms are shown in Table 1. We
supplemented our searches by writing to researchers who had published on
PSA dynamics, asking for details of additional studies.

Inclusion Criteria
To be eligible for analysis, articles had to meet four criteria. First, our
interest was pretreatment PSA dynamics, so we specified that patients must

Table 1. Search Terms

Search ltem Search Terms

Prostate cancer MeSH term: “Prostatic neoplasms”
Free text terms: prostate, prostatic, neoplasm®,

neoplasia, carcinoma, prostatectomy AND cancer.

Free text terms: velocity, doubling, dynamic™, kinetic™,
DT, PSADT, PSA-DT, PSA

PSA dynamics

NOTE. Asterisk is part of MEDLINE coding meaning “any or no additional
characters.” For example, search for “doctor*” yields articles containing
“doctor,” “doctors,” “doctoring,” and so on.

Abbreviations: MeSH, Medical Subject Headings; PSA, prostate-specific
antigen; DT, doubling time; PSADT, PSA doubling time.
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have an intact prostate at the time of the final PSA measure required for
calculation of the PSA dynamic. Second, the study had to include at least one of
the following end points: diagnosis of prostate cancer; stage or grade of pros-
tate cancer; biochemical recurrence after radiotherapy or radical prostatec-
tomy; progression for patients on active surveillance; metastases or death from
prostate cancer. Third, the study must include at least two measures of PSA
before a clearly defined point in the patient’s clinical history, such as biopsy for
studies of cancer detection, or radical prostatectomy for a study looking at
biochemical recurrence. This was a particular concern for active surveillance
studies: in many of these studies, PSA dynamics were calculated not at a
specified landmark time, such as 1 year after diagnosis, but at the patient’s last
follow-up before progression or censoring. As this value cannot be used for a
prediction, such studies were excluded. Fourth, the study must evaluate the
association between the PSA dynamic and the end point.

Articles that did not meet the eligibility criteria were categorized accord-
ing to the reason: not human subjects; no original data (eg, review article); no
PSA dynamic measured; no eligible study end point; patients with treated
prostate cancer at the time of evaluation of prostate cancer dynamics; no
association between dynamic and study end point assessed; dynamic not
assessed at a defined landmark time before progression on active surveillance
protocols; other reason for exclusion.

Data Extraction

Data were extracted from each study reported using a standardized data
extraction form. The following variables were documented: the study end
points; PSA dynamic assessed (velocity or doubling time); type of cohort;
number of patients; calculation of the PSA dynamic; use of cut points; number
of patients experiencing the study end point; type of statistical analysis; au-
thors’ conclusion.

The central focus of data extraction concerned the statistical methods.
We used the schema of a previously published systematic review of molecular
marker studies that follows a hierarchy of evidence regarding the clinical value
of a molecular marker.'* We first documented whether a P value was reported
for a test of association between the PSA dynamic and the study end point,
either univariately or in a multivariate model that included the level of PSA.
Next, we documented whether a measure of predictive accuracy was reported
for either the univariate or multivariate model, including, but not limited to,
sensitivity, specificity, area under the curve, negative or positive predictive
value, and concordance index (C-index). Our key question concerned com-
parisons of predictive accuracy: whether the predictive accuracy of PSA alone
was compared with that of a PSA dynamic or, alternatively, whether the
predictive accuracy of a model that included PSA was compared with a model
that included both PSA and a PSA dynamic. Other predictors, such as stage or
grade, could be included if the additional predictors were identical in the
models with and without the PSA dynamic. We also assessed whether any
attempt was made to evaluate the clinical impact of incorporating PSA dynam-
ics in clinical decisions, for example, by estimating the number of additional
cancers identified or biopsies avoided.

Authors’ conclusions were defined as positive (1) if at least one PSA
dynamic was reported to be clinically useful, or improve prediction, for at least
one end point, or (2) if the PSA dynamic was reported to be associated with at
least one end point and neither clinical value nor improvement in prediction
were evaluated. Conclusions were categorized as negative if PSA dynamics
were found to be unassociated with outcome or did not improve predic-
tion or were not clinically useful.

Data Analysis

Our primary planned analyses were descriptive: proportions for cate-
goric variables and medians and interquartile ranges for data such as sample
size. We also planned to test whether there was an association between the
statistical analyses used and the conclusions drawn by study authors. We
hypothesized that authors might be more willing to draw positive conclusions
about a PSA dynamic if they only assessed the statistical significance of the
association between the dynamic and outcome, as compared to if they evalu-
ated predictive accuracy. Finally, we planned to describe in detail all articles
that reported whether a PSA dynamic increased the predictive accuracy of a
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model that included PSA alone. In these analyses, we were particularly inter-

ested in assessing “verification bias™:'* in screening studies, men with low PSA

level are unlikely to undergo biopsy; assuming that such men are cancer free
leads to bias when assessing the relationship between PSA and prostate cancer.

Review Methods

Inclusion and exclusion of articles was decided by one reviewer (M.F.O.
or C.S.) and confirmed by a second (A.J.V.). The review methods were first
piloted on a sample of 10 articles by one reviewer (M.F.O.). After review of the
protocol, all articles were then assessed by a different reviewer (C.S.) and
checked independently (A.J.V.), with disagreements resolved by consensus.

A total of 1,882 articles were retrieved by our MEDLINE search, of
which 87 were found to be eligible. Reasons for exclusion are listed
in Table 2.

Of the included articles, PSA velocity was studied in 64 articles,
PSA doubling time was studied in 17 articles, and both metrics were
studied in six articles. Five articles included an idiosyncratic definition
of PSA dynamics in addition to doubling time or velocity. The median
number of patients was 295 (interquartile range, 86 to 1,095 patients).
Cohorts were categorized as population-based for 35 articles (40%);
referral for 22 articles (25%), and clinical for 30 articles (34%). Ap-
proximately half of studies (40 articles) evaluated PSA dynamics as
continuous variables in all analyses; of the remainder, 12 articles used
a data-dependent cut point, 14 articles used a prespecified cut point,
and in 21 articles, the rationale for the choice of cut point was unclear.

Table 3 describes the end points assessed in the different trials.
Slightly more than half of studies focused on the detection of prostate
cancer. A total of 110 end points were analyzed in the 87 trials. The
median number of events for each end point (number of events
missing for five end points) was 38 (interquartile range, 17 to 120
events), but was sometimes low: 16 end points included 10 or
fewer events.

Table 4 shows the statistical methods used to evaluate the associ-
ation between PSA dynamics and study end points. There was an
overwhelming focus on hypothesis testing, whether in the univariate
or multivariate context. Only a minority of articles reported on the
predictive accuracy of PSA dynamics, and only two articles compared
the predictive accuracy of a model including both a PSA dynamic and
PSA with the accuracy of a model including PSA without the PSA
dynamic. In one of these two articles,'” the authors stated that “inclu-

Table 2. Reasons for Exclusion
Reason for Exclusion No. of Articles %

Not human subjects 641 36
No original data 107 6
No PSA dynamic measured 619 34
No eligible study end point 14 1
PSA dynamic not assessed before treatment 236 13
No association between dynamic and study end 22 1

point assessed
PSA dynamic not taken at baseline for active 18 1

surveillance study
Other reason for exclusion 138 8
Total 1,795
Abbreviation: PSA, prostate-specific antigen.

Table 3. End Points Analyzed

End Point No. of Articles %
Biopsy result 26 30
Biopsy result after negative biopsy 16 18
Prediction of future diagnosis 10 11
Diagnosis of advanced cancer 7 8
Cancer severity 12 14
Biochemical recurrence 14 16
Progression on active surveillance 11 13
Metastases or death 14 16
NOTE. The proportions do not add up to 100%, because several studies
included more than one end point.

sion of PSA velocity did not improve the out-of-sample prediction of
prostate cancer risk,” but did not provide data. Accordingly, we did
not formally categorize this article as comparing accuracy with and
without PSA dynamic.

Forty-seven articles (54%) were classified as reporting positive
results, with 30 articles (34%) reporting negative results, and 10 arti-
cles (11%) reporting that results were unclear. There was no signifi-
cant relationship between the statistical methods used in an article and
whether the authors reported positive or negative results (P > .2 by
Fisher’s exact test).

We originally planned to describe in more detail only those
studies that compared the accuracy of a model incorporating both
PSA and a PSA dynamic with that of a model including PSA alone.
However, only one study'® formally met this criterion: Table 5 there-
fore additionally gives details of studies that compared the accuracy of
PSA with that of a PSA dynamic. In general, studies either found PSA
to be a more accurate predictor than PSA dynamics, found only trivial
differences in favor of PSA dynamics, or were associated with serious
methodologic shortcomings, such as verification bias** or small sam-
ple sizes.”' There seems to be some suggestion from Table 5 that PSA
velocity might play a role in men with prior negative biopsy, and we
intend to address this question empirically.

Table 4. Statistical Analyses Described in the Reviewed Studies
By End
Point By Study™
Statistical Analysis No. % No. %
Descriptive statistics only 16 15 13 15
Univariate P for association between dynamic 80 73 67 77
and end point
P for dynamic in multivariable model for 40 36 31 36
predicting end point
Accuracy assessed for PSA dynamic alone 30 27 29 33
Accuracy of model that included both PSA and 1 1 1 1
PSA dynamic compared with that of
model that included PSA but not PSA
dynamic
Accuracy of PSA compared with that of PSA 12 11 12 14
dynamic
Total 110 87
NOTE. More than one analysis was possible per end point.
Abbreviation: PSA, prostate-specific antigen.
*Statistical analysis conducted for at least one end point.
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Table 5. Description of Articles Comparing Accuracy of PSA and PSA Dynamic

the Prostate Cancer

prediction

No. of
First Author Patients End Point and Cohort Results Comment
Eggener® 995 Biopsy result in men with initial Negative predictive value of PSA PSA and PSA velocity used as binary predictors:
negative biopsy velocity slightly higher (91% v 88%) would different cut points have given
than PSA different results?
Djavan'” 559 Biopsy result AUC greater for PSA than PSA velocity Unclear whether AUC for PSA and PSA velocity
were calculated on the same patients
Djavan'® 273 Biopsy result AUC greater for PSA than PSA velocity Unclear whether AUC for PSA and PSA velocity
were calculated on the same patients
Sun'® 12,078 Cancer diagnosis in men AUC greater for PSA than PSA velocity Verification bias: men not undergoing biopsy
undergoing PSA screening assumed to be cancer free
Moul?° 11,861 Cancer diagnosis in men AUC greater for PSA than PSA velocity Verification bias: men not undergoing biopsy
undergoing PSA screening assumed to be cancer free
Ciatto?' 87 Biopsy result in men with initial AUC higher for PSA velocity than PSA Only 13 cases; Cls around AUC likely to be
negative biopsy (0.74 v 0.67) wide
Lynn?2 158 Biopsy result AUC greater for PSA than PSA velocity Short interval between PSA measurements
Ukimura?® 110 Biopsy result in men with initial AUC greater for PSA velocity than PSA Specificity of PSA and PSA velocity similar at
negative biopsy (values not given) high sensitivity
Carter® 980 Long-term prediction of prostate AUC for PSA velocity slightly greater Only 20 cases; Cls around AUC likely to be
cancer death from archived than for PSA (0.75 v 0.74) when wide
blood samples PSA values restricted
Berger?* 4,800 Cancer diagnosis in men AUC much greater for PSA velocity Verification bias: men not undergoing biopsy
undergoing PSA screening than PSA (0.87 v 0.65) assumed to be cancer free; unclear whether
AUC for PSA and PSA velocity were
calculated on the same patients
Whittemore?® 320 Long-term prediction of prostate AUC greater for PSA than change in All samples within 7 years of diagnosis
cancer death from archived PSA
blood samples
Barak?® 147 Biopsy result PSA velocity had slightly lower PSA and PSA velocity used as binary predictors:
sensitivity but much higher would different cut points have given
specificity than PSA different results?
Loeb'® 6,844 Cancer diagnosis in men AUC slightly greater for a model that Verification bias: men not undergoing biopsy
undergoing PSA screening included both PSA velocity and PSA assumed to be cancer free
compared with a model that
included PSA alone (0.83 v 0.81)
Thompson'® 5,519 Biopsy in men participating in PSA dynamics did not improve High-quality data from a randomized trial

Prevention Trial

Abbreviations: PSA, prostate-specific antigen; AUC, area under the curve.

We have reported on the statistical methods used in the studies of
pretreatment PSA dynamics as a marker for prostate cancer. Our key
question concerned the value of adding information about a PSA
dynamic to that of PSA alone. Consider the case of a clinician who
needs to make a decision about a particular patient. The clinician will
naturally have the patient’s most recent laboratory report on hand,
including the PSA level. If the clinician also wanted to use PSA dynam-
ics to inform the clinical decision, he or she would have to look up
prior PSA levels—perhaps contacting another clinic if the patient had
recently moved—and then perform a calculation, which might be
complex. In theory, this process could be computerized; however,
doing so would still need to be well motivated. Moreover, some pa-
tients obtain PSA levels from different laboratories, complicating the
clinician’s task. To show that it is worth going to the time and trouble
to use PSA dynamics, it would have to be demonstrated that doing so
would improve clinical decision making. At a minimum, this would
require that predictions based on PSA plus PSA dynamics are more
accurate than those based on PSA alone; ideally, a decision analysis
would also show that clinical outcome would be improved: for exam-
ple, a demonstration that use of PSA dynamics would importantly
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reduce the rate of unnecessary biopsy without missing an excessive
number of cancers.

We have found that, although PSA dynamics are associated with
many end points, there is a near complete lack of evidence that pre-
treatment PSA dynamics are of clinical value for early-stage prostate
cancer. Only two studies compared the accuracy of a statistical model
incorporating both PSA and a PSA dynamic with the accuracy of a
model that included PSA without the PSA dynamic: one showed no
improvement in accuracy associated with PSA velocity; the other
showed some minor improvements but was subject to verification
basis. Studies comparing the accuracy of PSA with PSA dynamics
similarly failed to show clear evidence in favor of PSA dynamics. We
therefore conclude that calls to use PSA dynamics in clinical practice
are not supported by current clinical evidence. Such calls would in-
clude both direct clinical recommendations, such as recommending
biopsy for men with low PSA but a PSA velocity greater than 0.35
ng/mL/yr,"” and inclusion of PSA dynamics as an inclusion criterion
for a clinical trial. This is on the grounds that, were such a trial to be
successful, whatever PSA dynamic cut point was used would deter-
mine which patients should receive the study agent in clinical practice.

Comparing the accuracy of statistical models with and without
PSA dynamics is not a complex statistical procedure. It therefore came

© 2008 by American Society of Clinical Oncology 401
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somewhat as a surprise to us that only two studies did so. Moreover,
only a third of articles included any evaluation of accuracy at all, with
the majority of articles focusing purely on P values and hypothesis
testing. The time-honored distinction between clinical and statistical
significance is of particular relevance here: it is perfectly possible for a
marker to be a statistically significant predictor of an end point, but to
add little clinical information (indeed, this is what we saw in one of our
own studies'!).

Accordingly, we make the following recommendations for future
research on PSA dynamics. First, efforts should be made to avoid
verification bias; for example, researchers should avoid defining men
not undergoing biopsy as cancer free. Methods to correct for verifica-
tion bias have been published,'* but these have poor properties if there
are few false negatives, and this is exactly what tends to happen in
screening studies: men with low PSA velocities will generally not reach
a high enough PSA level to undergo biopsy and so will not be found to
have cancer during the course of the study. Second, the end point and
the marker should be independent. As an example, in some active
surveillance studies, a high PSA level defines progression. A high PSA
velocity will inevitably lead to a high PSA; this inevitably creates a
statistical relationship between PSA velocity and progression. Third,
both PSA and PSA dynamics are continuous variables, and risk is
unlikely to be homogenous on either side of any particular threshold.
As such, both should be entered into analysis as continuous variables.
Fourth, it is quite possible that PSA dynamics have a nonlinear rela-
tionship with outcome. It might be, for instance, that the risk of
prostate cancer is low if PSA velocity is negative, suggesting no tumor
growth, but also if PSA velocity is high, suggesting prostatitis. Accord-
ingly, researchers should consider modeling PSA and PSA dynamics
using nonlinear terms, such as splines or polynomials. Finally, and
perhaps most importantly, researchers should assess whether PSA
dynamics adds to existing clinical information. The most straightfor-
ward approach is to calculate predictive accuracy for a model that
includes both PSA and PSA dynamics and compare this with accuracy
of a model that includes PSA but not PSA dynamics. In some cases,
such as predicting recurrence after surgery, it would be appropriate to

include other predictors, such as stage or grade. Researchers should
also consider decision analytic techniques to determine whether using
PSA dynamics to influence clinical decision making improves pa-
tient outcome.

Absence of evidence is not evidence of absence,”” and we would
not want to be interpreted as claiming that pretreatment PSA dynam-
ics are not of value as prostate cancer markers. On the contrary, it
seems highly possible that PSA dynamics might help predict at least
one of the end points we study here. An obvious example would be a
man undergoing screening with 6 monthly PSA levels of 1.2, 1.5, 1.6,
and then 17 ng/mL/yr: the PSA velocity of 15.4 ng/mL/yr would be
indicative of prostatitis rather than prostate cancer. Moreover, we see
the value of post-treatment PSA dynamics, such as the PSA velocity at
the time of recurrence, as being of proven value.

In summary, we have found little evidence that pretreatment PSA
velocity or PSA doubling time are of value for early-stage prostate
cancer. There is therefore no justification for the use of PSA dynamics
in the clinical setting or as an inclusion criterion for clinical trials in
this population.
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